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hL = 241712  F0 ± 0.06%





hL = 240037  F0 ± 0.06%
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 G = 700 0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jV = 1166 "F ± 4.1%
jL = 22 "F ± 5.2%
j = 1188 "F ± 4.2%















    *C?











































     	





 >  	   
 
 






































      
  
ME




















 *C?B 4# 1
  "#     A

 
 (@F)*F())*  DCFC)F())*
" 
 C  !&CD* D = 0.509 "" LMEV = 70.70 "" Tsat = 30
◦
  ∆Tsub = 3
◦






























 *CMB  #





 C  !&CD* D = 0.509 "" LMEV = 70.70 "" Tsat = 30
◦

 ∆Tsub = 3
◦

ML       
'!( 1
 ##! '! ,&0

    
 >6   
 "6 "" 
 >6   	
   #
 	  
1# 
&#




























       
  "#
 	     

" 









 >   
 










































































"   
8
  C /  




 >6     



























 >6   	 
  q = 163 0NF"2   

"
  2   #   
	
 1#   	
  "
 "0     I  






























  *(  1  





























  #  	 
















MM        





























"         
 
  !&CD* G = 1000 0F"2
Tsat = 30
◦
 D = 0.509 ""  LMEV = 70mm
 
 E(  
 
1         " >6   
 )E)@  )?@) ""
" 

















  	 " 	
  "








  " >6 
   
 )?@) "" " 
  
 
    






















  !&CD* !&(*E &
D )E)@ )?@) ""
LMEV () & ?) ""
G *)) & CL)) 0F"2




∆Tsub ( & CE
◦

WeLO (@D & (C)** &
ρV /ρL )))@ & ))*C &








     	 " 	
  "

   "
>6   
# 
     ED 
  















 " ()  ?) ""  





 #   
  1
   *)) 0NF"
2








" >6   
  





  0   ED
   
 )?@) "" " 	
    
"   






 " D)% E)%
  
 M@





















 E(B  1
 " >6   )E)@  )?@) "" 5 	





 LMEV = 70 ""



















 EDB  1
 " 
1# 
   )E)@  )?@) "" 5 	
  !&CD*
G = 500 0F"2 Tsat = 35
◦
 ∆Tsub = 8
◦









     
# 










     
 
 !&CD*  !&(*E 
 1











 LMEV = 20mm

















 E*B  1
 " 
1# 
  !&(*E  !&CD* G = 500 0F"2
Tsat = 35
◦
































     
  




	    " *E  C(
◦
   	






J   +*(,  " 
 
  0

























1#   
!&CD* G = 1000 0F"2 Tsat = 35
◦















   
















  D)  DE
◦
 2 " >6
 















































      
 




        ρV /ρL  " >6 G 
 









      " :
  
 " >6  































    !&CD* D = 0.509 ""





















































































  8 DD    
 
- *C(%        ± 15.0% 





























    

 !&CCD 2  	
 


















@(        






















R−134a − 0.509 mm
R−134a − 0.790 mm
R−245fa − 0.509 mm
 
































  !&(*E G = 500 0F"2 Tsat =
35◦ D = 0.509 ""  ∆Tsub = 8◦  
 J   
 

















      #
      





























































































     

   "  
 
    
 
 ρV /ρL < 0.041





















R−134a − 0.509 mm
R−134a − 0.790 mm
R−245fa − 0.509 mm
+ 15 % 
− 15 % 
 































 qc    #
 








          
1# 8  xcrit   	
  "


























 #     
  > 
 "




















  :" 
  	 




















R−134a, D=0.5 mm, T
sat=30°C
R−134a, D=0.5 mm, T
sat=35°C
R−134a, D=0.8 mm, T
sat=35°C
 
 EC)B 4    


































      




   :   









8 ED  
  
 xcrit   
 
	




 "  >   "    " 
 >6



















   
 #"


















































 #    
 M(*%  




 0  
6#
 "










     
 @E





























 correlation       
−15 % +15 % 
 
















































   "#   
  	 
> #








 >   
 








































































"   
8













































 #  # > #














  - 

 #  # > #







 	    
 "  #
   























 80  170Hz     #  
 2 >  
 /

	  "  
8
 "




























  !&CD* !&(*E &
D )E)@ )?@) ""
LMEV D) & ?) ""
G (C) & ()@* 0F"2
q DC & *CE 0NF"2
Tsat (L D) DE
◦

Psat L@ ?? M@  !&CD* 	
(C  !&(*E
∆Tsub ( & L
◦

xMEV,out ) & )@E &
fA ) & @(M /













 			 >  
 






      




 	 > 1  / 









































    #
0  1
  
 2  .





  " 			
 


















































 fA   












    " >6   L*   # 
 0




    LE  
 1
F "
    
  
















44-8-3 7%  			F > 			 > 
 	
 	1
















  1 1  " 			
     
 






 fA   

  0 			
















 #    
 


































       LD 

    @@






















  %   			2 3  x = 0.02
























 	 %    3  x = 0.11





















  %    3  x = 0.82
 
 LCB    D = 0.509"" LMEV = 70.70""G = 500 0F"
2
 Tsat = 30
◦








C))     





















f edc b a 




 3/ 4 6
3
































 /   >   
 
    D = 0.509 "" LMEV = 70.70
""  G = 500 0F"2 Tsat = 30
◦











  > #
  	 #











   
   
" #
  #  







  	    :"   8  
  8  >    

"   










  1  










  1 1  " 			
   0% fB   
 "




F   L*   # 
 0




   LE 
 


















































 	   
 
    
 
  " 			
































































 2  .
      LE       









 "6 ""  fB
*9- 7%  
" & >  8   
 
6 
       LD

 L*
 2  8  :" "  
 	





























      LE







     >       
 	  1
  fB 
8 









         #  
 

- 7%   >   8  :" >  
 	
       

1# 
       LD    
 "
 





    8  /
   
6  "
 2 >  

 /
 	 fA  fB 




       LE   
  #




 1  >   1
  " 




  :" 

  #
   >  	
 










     LL  !&(*E    )E)@ "" 5 	
   
  L?  !&CD*   D = 0.790 ""






























"   > #
    
  5		2 3  x = 0.02  fA = 131Hz  	 5		2. 3  x = 0.04  fA =
520Hz
  + 3  x = 0.11  fA = 136Hz   +.




 3  x = 0.40  fA = 0Hz   ')2  3  x = 0.82  fA = 0Hz
  +  3  x = 0.82  fA =
0Hz
 
 L*B  #
      !&CD* D = 0.509 "" LMEV = 70.70 ""
G = 500 0F"2 Tsat = 30
◦







    C)D



























SignalLiquid and vapor 
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Tripplet et al. transition lines (1999)
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Annular regime / Dry out ± 15 %
Coalescing bubble regime / Annular regime ± 20 %
Isolated bubble regime / Coalescing bubble regime ± 20 %
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The isolated bubble regime to       
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60.5 % of the values within ±20 %
Experimental data
± 20 % error band
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84.6 % of the values within ±20 %
Experimental data
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82.1 % of the values within ±20 %
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73.2 % of the values within ±20 %
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81.3 % of the values within ±20 %
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32.6 % of the values within ±20 %
Experimental data
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Laminar Transition Turbulent 
  (*-/ D = 0.509 / Tsat = 30◦1/ LMEV =


























Laminar Transition Turbulent 
 	 (*-/ D = 0.790 / Tsat = 30◦1/ LMEV =

























Laminar Transition Turbulent 
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] 16.6 % of the values within ±20 %
McAdams homogeneous model
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 1.25 % of the values within ±20 %
McAdams homogeneous model
Experimental data
± 20 % error band
 	 ReTP ≥ 8000























] 12.5 % of the values within ±20 %
Dukler homogeneous model
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 0.25 % of the values within ±20 %
Dukler homogeneous model
Experimental data
± 20 % error band
  ReTP ≥ 8000























] 19.2 % of the values within ±20 %
Cicchitti homogeneous model
Experimental data
± 20 % error band
 
 2000 ≤ ReTP < 8000























] 26.8 % of the values within ±20 %
Cicchitti homogeneous model
Experimental data
± 20 % error band
  ReTP ≥ 8000
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] 26.6 % of the values within ±20 %
Lockhart−Martinelli
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 22.8 % of the values within ±20 %
Lockhart−Martinelli
Experimental data
± 20 % error band
 	 ReTP ≥ 8000























] 33.3 % of the values within ±20 %
Friedel
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 44.7 % of the values within ±20 %
Friedel
Experimental data
± 20 % error band
  ReTP ≥ 8000























] 22.8 % of the values within ±20 %
Chisholm
Experimental data
± 20 % error band
 
 2000 ≤ ReTP < 8000























] 28.7 % of the values within ±20 %
Chisholm
Experimental data
± 20 % error band
  ReTP ≥ 8000
 






















     	    C*D























] 10.5 % of the values within ±20 %
Mishima & Hibiki
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 1.58 % of the values within ±20 %
Mishima & Hibiki
Experimental data
± 20 % error band
 	 ReTP ≥ 8000























] 23.7 % of the values within ±20 %
Lee & Lee
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 18.9 % of the values within ±20 %
Lee & Lee
Experimental data
± 20 % error band
  ReTP ≥ 8000























] 16.9 % of the values within ±20 %
Lee & Mudawar
Experimental data
± 20 % error band
 
 2000 ≤ ReTP < 8000























] 18.1 % of the values within ±20 %
Lee & Mudawar
Experimental data
± 20 % error band
  ReTP ≥ 8000
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] 30.2 % of the values within ±20 %
Zhang & Webb
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 46.8 % of the values within ±20 %
Zhang & webb
Experimental data
± 20 % error band
 	 ReTP ≥ 8000























] 11.2 % of the values within ±20 %
Tran et al.
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 1.75 % of the values within ±20 %
Tran et al.
Experimental data
± 20 % error band
  ReTP ≥ 8000























] 30.1 % of the values within ±20 %
Muller−Steinhagen & Heck
Experimental data
± 20 % error band
 
 2000 ≤ ReTP < 8000























] 62.5 % of the values within ±20 %
Muller−Steinhagen & Heck
Experimental data
± 20 % error band
  ReTP ≥ 8000
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










































       "#      
" 















 2    .



































<$ *(! *) 2 /  (2  2@"/! % ( % 
.











 8000 ≤ ReTP   

















TP  D = 0.509"" MC
fTP = 6Re
−3/5
TP  D = 0.790"" M(

     "" 
    
 #
 >  " 	




        




































  8   














   fTP  
  
 	





   
1
   










































     
 	 
A






 )?@) "" 	
   
 )E)@ "" 	










 ##      
   !&CD*
 !&(*E   








































    
 &#





















   ME? %  
       ±() % 
 	  "
  @L
%    ±D) % 
    /








	   
 
6   "





    
 "

















 0      #   -


















































 	 -*    (*-/ D = 0.790 
 
 MC*B &#




  ReTP ≥ 8000

 



















 +(),    





         
### 

<$ :/ @. ( *) 2 /  (2  "* 

   











    # 	








 MCL  
 &#
 " # 












  D*(      0 
 
      MCC  











  ReL  ReV  - 






 C = 10 : 
 
  































 1  1 ((


















































      C*?























] 89.1 % of the values within ±20 %
Experimental data
± 20 % error band
  (*-  D = 0.509 























] 81.7 % of the values within ±20 %
Experimental data
± 20 % error band
 	 (*-  D = 0.790 























] 75 % of the values within ±20 %
Experimental data
± 20 % error band
  (-  D = 0.509 























] 85.7 % of the values within ±20 %
Experimental data
± 20 % error band
  (*-/ (-/ D = 0.509   D =
0.790 
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] 38.5 % of the values within ±20 %
Experimental data
± 20 % error band
  2000 ≤ ReTP < 8000























] 67.1 % of the values within ±20 %
Experimental data
± 20 % error band
 	 ReTP ≥ 8000
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